ABSTRACT
INTRODUCTION
Green chemistry and eco-friendly synthetic methods has drawn significant attention because of rapid industrialisation. The progress in organic synthesis towards green technology enrouted many fascinating techniques. Reactions involving phase transfer catalyst has become a versatile technique because of its mild reaction conditions, large conversion, fewer by-products formation and product selectivity [1] [2] [3] .Though the reaction between hydrophilic and lipophilic reactants can be facilitated by appropriate aprotic solvent, phase transferred catalysed reactions allowed the usage of water, reduced or eliminated the usage of non-eco-friendly organic solvents as well as the cost has established the PTC as a power tool in bringing plausible reaction between two mutually immiscible phases. The first published biphasic method for the generation of dichlorocarbene by Makosza 4 has triggered and encouraged the application of phase transfer catalyst in organic synthesis. Hence it has become anengrossing area of research. Scholars studied the success of single site phase transfer catalyst predominantly in free radical vinyl monomers involving aqueous -organic biphasic media [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . These studies impelled us to check the efficiency of a 2-benzoylethyldecyldimethylammonium bromide (BEDDAB) 18 phase transfer catalyst by polymerizing BMA and its competency has been analysed by kinetic study using water soluble potassium peroxydisulphate (PDS) initiator.
MATERIALS AND METHODS
The monomerbutyl methacrylate (Merck, Mumbai) was subjected to reduced pressure distillation before use. The water soluble initiator, potassium peroxydisulphate (SRL, Mumbai) was used as such. Methanol (SRL, Mumbai) was distilled over a water bath and used. Double distilled water was used as solvent for the biphasic system.
POLYMERIZATION PROCEDURE
A typical polymerization of the monomer,butyl methacrylate (BMA) was carried out using a long closed Pyrex tube under unstirred, inert atmospheric conditions at 60±1ºC. The reaction mixture consists of monomer in 10 ml organic phase (ethyl acetate) and the phase transfer catalyst (BEDDAB), sodium bisulphate (0.5 mol dm -3 ) for adjusting the ionic strength and sulphuric acid (0.2 mol dm -3 ) for maintaining the pH in 10 ml of aqueous phase. Polymerization reaction was initiated by the addition of potassium peroxydisulphate (PDS) to the reaction mixture. After stipulated time, the reaction was arrested by pouring the reaction mixture into ice cold methanol 5-9, 12, 13 . The precipitated polymer was filtered through a sintered glass crucible, washed with double distilled water and methanol and then dried in oven (60 ± 0.1ºC) until constant weight was obtained. The rate of polymerization (Rp) was calculated using equation (1) .
Where Rp-Rate of Polymerization;W-Weight of polymer in grams,V-Volume of reaction mixture; t-Reaction time in seconds; M -Molecular weight of the monomer.
RESULTS AND DISCUSSION

THE KINETICS OF FREE RADICAL POLYMERIZATION
The kinetics of free radical polymerization of butyl methacrylate using BEDDAB as catalyst and PDS as initiator under ethyl acetate / water biphasic media was studied under various experimental conditions.
Steady State Rate of Polymerization
The rate of polymerization of the monomer was ascertained by keeping the concentration of monomer as 2.0 mole dm -3 , PDS as 2.0 x 10 -2 mole dm -3 , volume of aqueous and organic phase as 10 ml, the concentration of sulphuric acid as 0.2 mole dm -3 , concentration of sodium bisulphate as 0.5 mole dm -3 and the polymerization was started by adding 1.0 x 10 -1 mole dm -3 of BEDDAB to the aqueous phase. Figure 1 shows the plot of rate of polymerization versus time intervals .The steady state rate of polymerization was arrived from the plot and it has been fixed as 40 minutes for BMA using BEDDAB as PTC. 
Effect of Monomer Concentration on Rp
The effect of monomer concentration on the rate of polymerization was studied by varying the concentration in the range of 0.8 to 1.8 mole dm -3 by keeping the concentration of PDS as 0.02 mole dm -3 , PTC as 0.1mole dm -3 , ionic strength as 0.5 mole dm -3 and pH as constant. It was found that, the Rp increases with increase in the concentration BMA. The order of the reaction with respect to variation in concentration of BMA was determined from the slope by plotting log Rp versus log [BMA] as shown in Figure2. The reaction order with respect to monomer concentration was found to be unity. Also Figure3 shows the plot of Rp versus concentration of monomer raised to suitable power passes through the origin, which confirms the above observation with respect to [BMA] . In the case of free radical polymerization of vinyl monomers, the order with respect to monomer is found to be 1.0 7, 9, 19 .
Effect of Initiator Concentration on Rp
The effect of concentration of K 2 S 2 O 8 on the rate of polymerization of BMA was studied by varying the concentration of K 2 S 2 O 8 in the range of 0.015 to 0.025 mole dm -3 by keeping the concentrations of monomer as 2.0 mole dm -3 , catalyst as 0.1mole dm -3 and at constant ionic strength, pH and volume ratio of aqueous to organic phase. As the concentration of PDS was increased, Rp was found to increase. (Fig.5 ) and the line passed through the origin which confirms above observation. In the case of free radical polymerization of vinyl monomers, the order with respect to initiator is found to be square root of initiator concentration when the polymer radical terminates by mutual bimolecular reaction 20 .
Effect of Concentration of BEDDAB on Rp
At fixed concentration of other parameters, the effect of [BEDDAB] on Rp was determined by varying its concentration in the range of 0.015 -0.025 mole dm -3 . Table 1 shows that Rp increased with increase in concentration initially but there observed a slight decrease in Rp at higher concentration. A levelling off tendency was shown at higher concentration. The same levelling off tendency is also reported 19, 21 when the concentration of PTC reached maximum in the radical polymerization of alkyl methacrylates using potassium peroxomonosulphate as initiator. Figure6 shows the order with respect to the concentration of the catalyst which was found to be around 0.5 from the plot of log Rp versus log [PTC]. The plot of Rp versus [PTC] 0.5 was found to be linear passing through the origin confirming the above results which is shown in Figure7. In the absence of PTC it has been observed that there was no polymerization reaction even after several hours. In the present case a slight decrease in rate of polymerization which was observed as the concentration reached maximum may be attributed to steric hindrance of bulky benzyl group in the catalyst. This bulky group would have hampered the effective transfer of anion to the organic phase at higher concentrations. At higher concentration of the catalyst there will be interaction of the positively charged carbonyl carbon and the negatively charged oxygen atom with anion and cation of another catalyst molecule and this may also offer steric resistance for the transfer of anion to the growing chain. Therefore the rate does not increase beyond a limit due to which levelling off tendency was observed.
Effect of Variation of Temperature on Rp
The influence of temperature in the range 50 to 65ºC on the rate of polymerization was studied at fixed concentration of monomer, initiator, catalyst, acid strength and ionic strength. Rp increased with increase in temperature as shown in Table 2 . The activation energy for the overall rate of polymerization has been calculated from the slope of Arrhenius plot of log Rp verses 1/T as shown in Figure8, based on the value of activation energy, the other thermodynamic parameters were computed in Table 3 . 
Effect of Solvent Polarity on Rp
The monomer, BMA was polymerized using three different solvents viz cyclohexane, ethyl acetate and cyclohexanone whose dielectric constants values are 2.02, 6.02 and 18.03 respectively. The rate of polymerization was found to increase in the following order, Cyclohexane < Ethyl acetate < Cyclohexanone
Figure9 shows the influence of polarity and dielectric constant of the on rate of polymerization. It is observed that, as dielectric constant of the medium increases, rate of polymerization also increases. This increase may be attributed to the greater migration of sulphate ion into the organic phase due to increase in solvent polarity 11, 13 and 22 .
Product Analysis
The FT-IR spectra of the products obtained by phase transfer polymerization of BMA showed the disappearance of the peak at 1635 cm -1 which was originally present in the FT-IR spectrum of the monomer which suggested that the olefinic double bond was involved in the polymerization and the product was polybutyl methacrylate.
The DSC curve of the product obtained from BMA showed an endoderm due the glass transition of poly (BMA) and the Tg value was found to be 196 °C. The Tg value of the polymer depends on tacticity and molecular weight.
Determination of Molecular Weight of Polybutyl Methacrylate
The molecular weight of polymer has been established by GPC technique. The number average molecular weight (Mn), weight average molecular weight (Mw) and the polydispersity index (Mw/Mn) values were shown in Table 4 . The molecular weight of polymer which has been synthesized using BEDDAB at low concentration of monomer and fixed concentrations of initiator and PTC is denoted as poly(butyl methacrylate -L) and the polymer synthesized at higher concentration of monomer and fixed concentrations of initiator and PTC is denoted as poly(butyl methacrylate -H). The poly index valueof polybutyl methacrylate suggest that the chain termination takes place predominantly by disproportionation 23, 24 . It was observed that molecular weight of the polymer increased as the concentration of the monomer increased.
T, K
Mechanism
The following observations have been made from the results of free radical polymerization of butyl methacrylate with K 2 S 2 O 8 as initiator and single site phase transfer catalyst, 2-benzoylethyldecyldimethylammonium bromideas the phase transfer catalyst.
1.
The reaction exponent with respect to [monomer] = 1 2.
The order with respect to [K 2 S 2 O 8 ] = 0.5 3.
The order with respect to [BEDDAB] =0.5 4.
An increase in Rp as the dielectric constant of the solvent is increased.
5.
The rate of polymerization is independent of ionic strength (µ), and [H + ] Figure 9 . Influence of polarity and dielectric constant on rate of polymerization To explain the above experimental results and observations, an appropriate mechanism has been proposed.
Kinetic Scheme
Scheme 2 represents the kinetic investigation of the polymerization of butyl methacrylate (M) initiated by K 2 S 2 O 8 / PTC in ethyl acetate / water biphasic system. The subscripts (w) and (o) represent aqueous and organic phases. k i , k p and k t refer to the rate of initiation, rate of propagation and rate of termination and Q represent phase transfer catalyst. Phase transfer
Propagation (5) Termination (6) Based on the mechanism the rate of polymerization for BMA catalysed using BEDDAB has been derived as
The above derived expression satisfactorily explains all the experimental observations.
CONCLUSION
The kinetics of free radical polymerization of butyl methacrylate catalysed by 2-benzoylethyldecyldimethylammonium bromide as the phase transfer catalystinitiated by K 2 S 2 O 8 was studied in ethyl acetate / water biphasic media under inert condition. Rate of polymerization was evaluated at different concentration of monomer, initiator and PTCas well as effect of temperature and solvent polarity were established. The order with respect to monomer was found to be unity and with respect to initiator and single site PTC as half order. Based on the results obtained a suitable kinetic mechanism has been proposed. Molecular weight of PBMA was found to be high at higher concentration of monomer and at fixed concentrations of initiator and PTC. The formation of polymers was confirmed by FT-IR analysis.
